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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S313many lipid classes, it has been presumed that the SAPL is formed by
adhesion and self-assembly through rheologic synovial ﬂuid lipid dep-
osition from synoviocytes or plasma dialysate. Combined with our prior
work, we postulate that lipid droplet surface extrusion from the matrix
suggests chondrocytes and synoviocytes may cooperatively attempt to
reconstruct the SAPL through prototropic communication (viz. inte-
grated proton transfer pathways through nanochannels, hydrogen bond
networks, and titratable protonation sites), but that the effort becomes
ineffective in osteoarthritis due to the lack of a suitable surface substrate.
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THE CONTRIBUTION OF PROTEOGLYCANS TO THE VISCOELASTICITY
OF THE CANINE ANTERIOR CRUCIATE LIGAMENT
E.J. Comerford y, B. Geraghty z, R. Hamarashid z, A. Elsheikh z. yUniv. of
Liverpool, Neston, United Kingdom; zUniv. of Liverpool, Liverpool, United
Kingdom
Purpose: Proteoglycans (PGs) are minor extracellular matrix proteins,
which may play an important role in normal ligament mechanobiology.
The contribution of PGs to the mechanobiology of complex ligaments
such as the anterior cruciate ligament (ACL) has not been determined to
date. Recently we have shown that PGs may have a pathological role in
the canine ACL complex of the knee joint as a result of altered
mechanical loads. Rupture of the ACL has profound implications for
joint stability, and affected joints (in both human and other species such
as the dog) develop progressive osteoarthritis. The aim of this study was
to address the hypothesis that PGs play a vital role in ACL mechanobi-
ology by determining the biomechanical behaviour at low strain rates
with and without PGs.
Method:ACLs were removed from canine cadaveric knee joints (n¼8
pairs) as bone (femur)-ligament-bone (tibia) (BLB) samples following
institutional ethical approval. The BLB samples were mounted in an
Instron 3366 uniaxial testing machine (Instron, Norwood, MA) using a
custom made clamping mechanism surrounded by a Perspex chamber
to allow full immersion of the sample. All samples were immersed in
chondroitinase buffer for one hour prior to testing. 0.25iu/ml Chon-
droitinase ABC (Sigma, UK) was then added to the right BLB of each pair
for 3 hours to remove the PGs. All samples were then subjected to cyclic
loading up to 0.5MPa at increasing strain rates, namely 0.25, 0.5, 0.75, 1
and 10 %/min. Stress, strain and tangent modulus values were deter-
mined for each sample and the results analysed with an ANOVA
(Friedman test) (GraphPad, Prism, US) (signiﬁcance set at p<0.05).
Results:Our results showed small but statistically insigniﬁcant differ-
ences between the strain-rate dependent behaviour of specimens both
with and without PGs. However, samples with PGs removed con-
sistently exhibited lower values of tangent modulus at all stress levels
At a stress of 0.1MPa, the average tangent modulus of all strain rates
without ChABC treatment was 7.580.96 MPa and with ChABC treat-
ment was 4.610.73MPawhichwas statistically signiﬁcant (p<0.0001).
Discussion:PGs are thought to contribute to tendonmechanobiology by
allowing ﬁbre sliding or by cross-linking collagen ﬁbrils thereby con-
tributing to load sharing within the tendon. We have shown that PG
depleted ACLs are less stiff with low strain rates in stress strain curve.
This is contrary to ﬁnding previously reported in the medial collateral
ligament (MCL) where no differences were found with PG depletion.
These ﬁndings suggest that PGs are vital to the normal mechanobiology
of complex ligaments such as the ACL. Future work will examine these
ﬁndings at a fascicular level as well as measuring which PGs are
depleted with Western blotting.Meniscus, Muscle, Tendon & Ligament Biology
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A COMPARISON OF THE EXTRACELLULAR MATRIX COMPOSITION OF
TENDON/LIGAMENT TISSUE AND TISSUE ENGINEERED TENDON AND
LIGAMENT CONSTRUCT
Y. Ashraf Kharaz, S. Tew, E. Canty-Laird, E. Comerford. Univ. of liverpool,
Neston, United Kingdom
Purpose: Tendons and ligaments (T/L) play key roles in the muscu-
loskeletal system, but are susceptible to traumatic or age-related rupture,
which can lead to severe pain and immobility for the individual and
increased susceptibility to degenerative joint diseases such as osteo-
arthritis. Tissue engineering offers an attractive therapeutic approach totreat T/L rupture but is hampered by our poor understanding of the
deﬁning characteristics of the two tissues. This study aimed to determine
differences in extracellularmatrix (ECM)macromolecules betweennative
T/L tissue and tissue engineered T/L constructs.
Methods: The anterior cruciate ligament (ACL) and long digital extensor
tendon (LDET) were harvested from cadaveric canine knee joints. Cells
from ACL and LDET (n¼3) were used to create tendon or ligament tissue
constructs, which were grown in a ﬁbrin-based 3D culture system. The
ECM composition of native tissues (n¼5) and engineered T/L constructs
(n¼3) were examined. Total collagen, DNA, sulphated glyco-
saminosglycans (sGAG) and elastin content were measured and nor-
malised to dryweight of the tissues. A quantiﬁed histological comparison
of the tissues was also performed. Finally, a proteomic comparison was
also carried out, analysing protein extracted in 4M guanidine HCL. In-
solution trypsin digested protein samples were analysed by liquid
chromatography tandemmass spectrometry (LC-MS/MS). Data produced
were searched using Mascot (Matrix science, UK), against canine protein
sequence. The gene symbols for each identiﬁed protein were searched in
UNIPROT database and converted to gene symbol of the corresponding
human orthologue. Gene ontology (GO) and protein network analysis
were undertaken using the bioinformatics tool; String.
Results: DNA content was signiﬁcantly higher in both constructs than
native ligaments (mean 8.6 mg/mg T/L construct, 2.9mg/mg ACL,
p¼0.018). Collagen content was 65% ACL, 70% LDET, 4.5% ACL construct
and 2.5% LDET construct: this was statistically signiﬁcant (p<0.0001).
sGAG was 14.3mg/mg ACL, 8.3mg/mg LDET, 15.6mg/mg ligament con-
struct and 11.3mg/mg tendon construct and was signiﬁcantly higher
between native T/L (p¼0.007) and ACL construct compared to native
tendon (p¼0.006). Elastin content was signiﬁcantly higher in ACL
constructs (9.5%) and LDETconstruct (14.3%) compared to both native T/
L (2.5% and 5%, p<0.0001). Histological analysis showed constructs
were highly cellular and conﬁrmed that they had lower collagen con-
tent than native tissue. Blood vessels were identiﬁed by elastin staining
in T/L constructs, indicating that cells from each tissue could be
reforming speciﬁc structures.
In the proteomic analysis, a total of 122 proteins were identiﬁed in
native ligament, 105 in native tendon, 304 in ligament constructs and
481 in tendon constructs. In addition to many cellular proteins, T/L
constructs also comprised numerous extracellular matrix proteins that
were also found in the native tissues, including collagen I, III, VI and XII,
decorin, bigylcan, ﬁbronectin 1 and ﬁbrillin 1. String analysis revealed
clustering of ribosomal proteins in both T/L constructs. Interestingly,
tendon constructs contained more cytoskeletal, ATP and heat shock
associated proteins than the ligament constructs. The principal gene
ontology processes were identiﬁed as ECM organisation in native liga-
ment, collagen ﬁbril organisation in native tendon. Principal ontologies
associated with constructs involved protein translation and targeting.
Conclusion: The results of this study show that whilst the ligament and
tendon constructs are composed of different proportions of ECMproteins,
they share some similar characteristicswith the native tissues. Thismight
indicate that cells from each tissue retain a site speciﬁc “memory”which
enables them to recapitulate speciﬁc ECM in 3D culture conditions. The
rapid acquisition of sGAGandelastin content in the engineered constructs
might indicate that these components mature faster than collagen
matrix; as has been observed with chick tendon ﬁbroblast construct.
Proteomics identiﬁed several speciﬁc ECM proteins such as asporin,
tenomodulin in the tendon but not in ligament. Other proteins such as
versican, SOD3 and proteoglycan 4 were identiﬁed in ligament but not
in tendon. These may demonstrate a fundamental difference between
tendon and ligament.
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MOLECULAR ANALYSIS OF ANTERIOR CRUCIATE LIGAMENT TEARS
SHOWS TIME-DEPENDENT CAPACITY FOR REPAIR
M.F. Rai, R.H. Brophy, L.J. Sandell.Washington Univ. Sch. of Med., St. Louis,
MO, USA
Purpose: Little is known about molecular changes in the injured human
anterior cruciate ligament (ACL), particularly as it relates to time from
injury. The purpose of this study was to test the hypothesis that gene
expression in ACL tears varies by time from injury which may provide
molecular insights into ACL repair at early (less than 3 mo.) and late
(greater than 12 mo.) time points after initial injury.
Methods: Biopsies of ruptured human ACL tissues (N¼24) were
obtained intraoperatively at the time of clinically indicated ACL
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S314reconstruction. RNA was isolated using Trizol reagent and puriﬁed by
Qiagen RNeasy mini spin columns. Isolated RNA was subjected to
transcriptome-wide analysis using Agilent 8x60K human microarray
platform followed by validation of selected transcripts by QuantiGene
Plex assay. Relative changes in gene expressionwith time from injury in
three categories based on our sample distribution (less than 3 mo., 3-12
mo., greater than 12 mo.) were analyzed by using analysis of variance
and integrated biological processes were probed computationally by
GeneGo MetaCore.
Results: The patient cohort included 11 females and 13 males with an
average age of 36.2  15.2 years and a mean body mass index (BMI) of
26.2 5.0 kg/m2. All the datawere adjusted for age, sex and BMI. A total
of 1343 genes were signiﬁcantly differentially expressed (DE) between
less than 3 mo. and 3-12 mo. groups with 147 genes being signiﬁcantly
DE at 2-fold (97 were up regulated in 3-12 mo. group while 50 were
down regulated). Between less than 3 mo. and greater than 12 mo.
groups, 4841 genes were signiﬁcantly DE with 1763 genes being sig-
niﬁcantly DE at 2-fold (392 were up regulated in greater than 12 mo.
group while 1371 were down regulated). Similarly, 5271 genes were
signiﬁcantly DE between 3-12 mo. and greater than 12 mo. groups with
2107 genes being signiﬁcantly DE at 2-fold (585 were up regulated in
greater than 12 mo. group while 1522 were down regulated). The
overlap in genes with signiﬁcant differential expression by time from
injury is shown in Figure 1.
Fig. 1. Venn diagram showing number and overlap of genes DE (2-fold)
among three different groups (less than 3 mo., 3-12 mo., and greater than
12 mo.) based on time from injury.Genes down regulated in ACL tissues at
more than 12 months out from injury were involved in a number of
important biological processes, including extracellular matrix organ-
ization and cellular membrane organization. Table 1 shows representative
biological processes between less than 3 mo. and greater than 12 mo.
groups. Interestingly, we found that POSTN (periostin) was respectively
42- and 29-fold down regulated in greater than 12 mo. group compared to
less than 3 mo. and 3-12 mo. groups. POSTN, a matricellular protein, is
known to be involved in tissue healing. Its down regulation in greater
than 12 mo. group indicates that the healing potential of ACL tears is
signiﬁcantly decreased after 12 mo. of injury.
Conclusions: This is the ﬁrst study to characterize human ACL tissues at
transcriptome level by using time from injury as a factor. Gene
expression in the injured ACL varies by time from injury and suggestsTable 1
Selected biological processes dysregulated in injured ACL tissues (<3 mo. vs. > 12 mo. g
Biological Processes Elevated in >12 mo. vs <3 mo. -log (P value)
Muscle contraction 6.906
Skeletal muscle myosin thick ﬁlament assembly 6.330
Behavioral defense response 6.119
Response to ethanol 6.067
Cardiac muscle ﬁber development 5.666that ACL tears have repression of a number of important biological
processes including extracellular matrix organization and cellular
membrane organization after 12 mo. of injury. These ﬁndings may have
important implications with regards to recovery after ACL recon-
struction as theymay inﬂuence the potential for ingrowth into the graft.
Furthermore, these studies suggest that techniques which preserve the
ACL remnant may be less helpful in tears greater than 12 mo. post-
injury. Finally, the repression of POSTN suggests potential limitations to
novel approaches for ACL repair andmay represent a candidate gene for
early therapeutic intervention to enhance and/or induce ACL repair
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POSITIVE EFFECTS OF SIMVASTATIN ON HUMAN MENISCAL CELLS
AND MENISCAL HEALING
S. Zhang, T. Matsushita, T. Matsumoto, K. Takayama, T. Matsuzaki,
S. Oka, K. Nagai, A. Uefuji, N. Nakano, M. Kurosaka, R. Kuroda. Kobe Univ.
Gradulate Sch. of Med., Kobe, Japan
Purpose: Statins are the 3-hydroxy-3-methyl-glutaryl-coenzyme A
(HMG-CoA) reductase, which are widely used for treating patients with
hyperlipidemia. Recently it has been reported that statins have bene-
ﬁcial biological effects such as immunomodulation effects, anti-
inﬂammatory effects, and stimulatory effects on anabolic activities in
various types of cells.
The purpose of the present study is to assess whether simvastatin have
beneﬁcial effects on human meniscal cells and meniscal healing.
Methods: Human lateral menisci were harvested from 7 patients
who underwent Total Knee Arthroplasty for osteoarthritis in the
medial compartment of the knee. After carefully debriding synovial
tissue, the lateral meniscus was divided into out-side and inner-side,
afterwards the cells were isolated separately. The meniscal cells were
cultured in alginate beads in the presence or absence of 0.5uM
simvastatin for 7 days. Medium was replaced every 3 days. Real-time
polymerase chain reaction (PCR) was used to quantify gene expres-
sion of BMP-2, BMP-7, SOX-9, COL2A1, aggrecan and MMP-13.
GAPDH was used as housekeeping gene. Potential effect of simvas-
tatin on meniscal healing was assessed in an organ culture model
using human lateral meniscus. In the organ culture model, a 1-cm
vertical tear was created in the inner avascular zone of the meniscus,
and the meniscus was cultured in the presence or absence of 0.5uM
simvastatin for 2 weeks. Afterwards, hematoxylin and eosin stain,
and safranin O stain were preformed to evaluate the healing of the
meniscal tears.
Results: The real-time PCR analysis showed that in both outer-side and
inner-side meniscus, simvastatin signiﬁcantly up-regulated BMP-2
(inner-side: ratio¼2.77, p¼0.031; outer-side: ratio¼2.29, p¼0.049),
BMP-7 (Inner-side: ratio¼3.06, p¼0.040; outer-side: ratio¼3.89,
p¼0.035), and SOX-9 (Inner-side: ratio¼2.45, p¼0.041; outer-side:
ratio¼2.20, p¼0.032) gene expression, and down-regulated MMP-13
(Inner-side: ratio¼0.60, p¼0.025; outer-side: ratio¼0.73, p¼0.031).
However, COL2A1 (inner-side: ratio¼0.942, p¼0.306; outer-side:
ratio¼0.800, p¼0.301) and aggrecan (inner-side: ratio¼0.605, p¼0.187;
outer-side: ratio¼0.989, p¼0.395) did not respond to simvastatin
treatment after 7 days. The histological analysis showed that more
tissue ingrowth in the tear site of the simvastatin-treated explants
compared with control explants.
Conclusions: In the present study, stimulatory effects of simvas-
tatin on gene expression of anabolic factors in human meniscal
cells were observed in vitro. In addition, a stimulatory effect on
meniscal healing was observed in ex vivo culture. Our observations
suggest that simvastatin may have positive effects on human
meniscal healing and could be a new therapeutic approach to
enhance meniscal repair.roups)
Biological Processes Repressed in >12 mo. vs <3 -log (P value)
Extracellular matrix organization 19.523
Cellular membrane organization 19.146
Nucleosome assembly 18.292
Cellular protein metabolic process 17.417
Cellular component movement 15.234
